Helminthiasis remains a major problem in many parts of the world, particularly in developing countries where an association malnutrition is common.
A variety of factors are involved in this association, including the ability of gut parasites to contribute to the diarrhoea/malnutrition cycle (Stanfield, 1966) . Dietary or parasite induced malnutrition may potentiate helminth infections by reducing the capacity of the host to mount a protective immune response.
Evidence that malnutrition potentiates parasite survival through impairment of the host immune response has been provided by a series of experiments using the Nippostrongylus brasiliensis-rat model. In this system, rats infected with N. brasiliensis normally develop an actively acquired immunity and thereafter are resistant to subsequent infection. However, in iron and protein deficient rats, worm expulsion following a primary infection is delayed (Bolin et al., 1977) and acquired resistance to reinfection is substantially impaired (Duncombe et al., 1978) .
Recent studies have shown that the immune response which initiates expulsion of N. brasiliensis from the gut is at least a four-step process. In the Received for publication 7 March 1978 first step, antibodies initiate biochemical and morphological damage to worms (Jones and Ogilvie, 1971) which then become susceptible to the second and third steps for which sensitised lymphocytes (Kelly and Dineen, 1972 ) and a bone marrow derived component are required. In the fourth step, sensitised lymphocytes and the bone marrow derived component interact with various mediators of inflammation such as prostaglandins (Kelly et al., 1974) finally to effect worm expulsion. Although the precise sequence of events has not been determined, it is known that antibody triggered damage must occur before sensitised lymphocytes can initiate the immunologically nonspecific phase of worm expulsion involving pharmacological mediators (Kelly et al., 1974) . As worm expulsion is an immunological process, it is reasonable to assume that delayed expulsion of N. brasiliensis is due to a defect of one or more components of the immune response. In a previous study it was reported that antibody mediated damage occurred normally in iron and protein deficient rats even though rejection was impaired (Bolin et al., 1977) . This would suggest that failure of worm expulsion is due to a defect in either sensitised lymphocytes or immunologically non-specific components of the immune response. Thus the aim of 823 this study was to determine whether functional lymphoid cells are produced by iron and protein rats infected with N. brasiliensis. This was assessed using the cell transfer technique described by Kelly and Dineen (1972) .
Methods

ANIMALS
Donor and recipient animals were highly inbred DA rats of both sexes .
PARASITE
Third stage larvae of N. brasiliensis were obtained from charcoal cultures of faeces (Leigh, 1956 ). Methods of infection and estimation of total worm counts have been described (Kelly and Dineen, 1972) .
PREPARATION OF IRON AND PROTEIN DEFICIENT ANIMALS
Synthetic diets were prepared which were either sufficient or deficient in iron and protein. A sufficient diet contained 30% protein, 50% carbohydrate, and 9-6 % fat with vitamin and mineral supplements. An isocaloric iron and protein deficient diet contained no iron supplement and only 10% protein (Bolin et al., 1971 ). Blood was collected for haemoglobin before inoculation with larvae and albumin estimations were carried out at the time of necropsy for total worm counts.
IMMUNISATION OF CELL DONORS
Donors for cell transfer were infected twice with 1000 third stage larvae of N. brasiliensis at 21 and seven days before removal of mesenteric lymph nodes.
PREPARATION AND TRANSFER OF SYNGENEIC LYMPH NODE CELLS
The method described by Kelly and Dineen (1972) was followed. The peritoneal cavity was opened using a sterile technique. Mesenteric 
Experimental design and results
Three week old DA rats were weaned onto synthetic diets either sufficient or deficient in iron and protein.
Five weeks later these animals were infected twice with N. brasiliensis and acted as either sufficient or deficient cell donors (see Methods section).
Two identical experiments were carried out and the results are pooled. There were five animals in each group in each experiment. Iron and protein sufficient (groups 1, 2, and 5) and deficient (groups 3, 4, and 6) rats were infected with 1000 third stage larvae of N. brasiliensis. Groups 5 and 6 received no further treatment and acted as infection controls. At this time, rats in all groups were weighed and had blood collected for haemoglobin levels. On the day of infection, rats in groups 1 and 3 were each injected intravenously with 125 x 106 cells from infected donors sufficient in iron and protein, while those in groups 2 and 4 were each injected intravenously with 125 x 106 cells from infected donors deficient in iron and protein. Ten days later, rats in all groups were killed for total worm counts and blood collected for serum albumin levels. These results are presented in Tables 1 and 2 . Table 2 ).
Although lymphocytes obtained from immunised nutritionally deficient donors were effective in initiating worm rejection when transferred to recipients on a sufficient diet (group 2), lymphocytes from nutritionally sufficient donors were not effective in deficient recipients (group 3). These results indicated that functional immune lymphocytes were produced by iron and protein deficient rats.
Discussion
Depression of the immune response has been observed in both iron (Nalder et al., 1972; MacDougall et al., 1975) and protein (Jose et al., 1973; Gebhardt and Newberne, 1974) deficiency and an immune defect has been implicated in the suppressed rejection of N. brasiliensis from iron and protein deficient rats (Bolin et al., 1977) . The purpose of this present study was to determine whether cell mediated immunity was suppressed in deficient animals using the technique of syngeneic lymphocyte transfer.
The Thus delayed parasite expulsion in iron and protein deficiency could be due to some factor which reversibly blocks lymphocyte function, or to one or more defects in the rejection mechanism not involving sensitised lymphocytes. Reversible blockade of lymphocyte function has been reported previously in lactating rats, where inhibition of induced lymphoid cells into effector cells has been observed . Multiple defects in the immune response have also been reported in iron and protein deficient rats, involving impaired humoral immunity (Nalder et al., 1972; Good et al., 1976) , cell mediated immunity (Jose et al., 1973; Gebhardt and Newberne, 1974) , and bone marrow function (Aschkenasy, 1957; Sood et al., 1965) . In addition the myeloid-amine response is altered with reduction in eosinophil counts and increased small bowel mucosal histamine in protein deficiency (Wells, 1962) . The complex interaction between nutrition, infection, and immunity clearly has important clinical implications for malnourished communities. The nutritional status of an individual alters his resistance to infection and may well influence the effectiveness of vaccination procedures and drug treatment regimes. Administration of transfer factor in malnourished man has met with little success in combating infection (Walker et al., 1975; Jose et al., 1976) , and it is relevant to know more about the site of the immune defect in malnutrition. Studies are currently under way to assess the effect of bone marrow and serum transfer on the expulsion of N. brasiliensis in iron and protein deficient rats.
